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A bstract ‘ Poly ^-melhoxyaniline (FOMA) has been successlully organized in LB 
films. UV~Vis absorption spectroscopy shows that unprepared LH film is partially protonjled 
and can be easily deprotonaied and icprotonaled by alkali and acid treatment respectively 
Normal Raman spectrum (NRS), surface enhanced Raman spcctium (SERS) of POMA in LB 
film on silver islands and tentative assignment of the relevant Raman bands for POMA 
characterisation are reported Three orders of magnitude enhancement in Raman intensity 
has been observed in SHRS compared to that in NRS Layer clleci srudy showed maximum 
enhancement in a two-layered L.B film suggesting the presence ol voids in the monolayer 
film Surface plasmon resonance is found to be the dominant factor (or enhancement SHRS 
study reveals that in the LB film the organisation of POMA is such that the quinoid ring is 
out of the plane and the hcn/oid ring is in the plane o( the film surface
K eyw ords . Polyamline, Lungmuii-Blodgett film, Raman spectroscopy 
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1. Introduction
During recent years polyaniline and its derivatives have attracted a lot ol attention as these 
materials arc extremely stable in air as well as in waicr and their electrical conduelivity can be 
regulated over a wide range 11,2]. Polyantlincs have also found uses in cleclrochiomic display, 
ion exchangers and also in various microelectronic and other devices [3-6]. In spite ol a large 
number of publications, polyamline is still studied with interest as the nature ol conduction in 
various conducting forms are not yet resolved and also the fabrication of good quality ultra 
Ihin stable film for device application has not yet been standardised. The use of the LB technique 
to deposit ultra thin anisotropic conducting polymer films exhibits great promise in 
microelectronics and molecular electronics as the molecular architecture and superstructure ol 
suitably modified polymers in such films can he controlled to achieve the desired network lor 
the device application.
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Although extensive Raman scattering studies of polyanilinc have been reported |7-12|, 
little is known about the surface enhancement of Raman scattering of this polymer. With the 
vibrational information available from this technique, the molecular forms and the orientation 
of adsorbed species on the metal surfaces can be investigated. Surface enhanced Raman 
spectroscopy (SERS) is an useful technique for studying the nature of physical and chemical 
adsorption of molecules on metals. Several factors [ 13] arc reported to influence the enhancement 
of Raman signals of molecules adsorbed on the metal surface. The enhancement factor depends 
on the excitation wavelength, metal surface, surface microstruclurc and the electronic structure 
of the adsorbates. If the exciting radiation frequency coincides with the surface plasmon 
resonance frequency of the metal, maximum enhancement is observed. This is termed as the 
electromagnetic effect [14]. The other effect that may contribute to the enhancement is charge 
transfer between the adsorbate and the metal which modulate the Raman scattering polarizability 
through molecular vibration. 115,16|
In an earlier communication [17] we have reported the electrical conductivity study uf 
POMA organised in Langmuir Blodgett films. Conductivity anisotropy has been found in the 
LB film In this paper we report the NRS and SERS study of POMA organised on Ag-island film 
by Langmuir-Blodgclt technique. Characterization of LB film by UV-Vik absorption spectroscopy 
is also reported. \
2. Experimental \
The synthesis of poly r>-mcthoxyaniline (POMA) has been reported by Malloso and Faria s 
group 118). Molecular structure of protonated and deprolonalcd POMA are shown in Figure I 
Using similar method protonated POMA (green coloured) of higher weight fraction (molcculai 
weight = 28(X)0) was synthesized using chemical oxidation with ammonium persulfate Details 
of the synthesis has been reported elsewhere. 118]
Freshly prepared protonated POMA solution dissolved in 50% mixed solvent of N- 
methyl pyrrolidone (NMP) and benzene was spread onto neutral (pH = 6.8) water subphase to 
form monolayer. When left on the water subphase at a constant pressure i.e, 15 mN/m, monolayer 
was found to be fairly stable with less than 10% area loss over an hour. The pressure-area 
(;r-A) isotherm was recorded under a barrier compression rate of 5 cm2 min"1. The monolayer 
was compressed to a pressure of 25 mN n r 1 and then lifted on a fluorescence grade glass and/
D eprotonated POMA
Protonated POMA
Figure  1. Schematic representation of (a) deprotonated blue form of poly (rs-mclhoxy 
aniline (b) protonated green form of poly (u-methoxy aniline salt) after doping.
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or quartz substrate by Y-type of deposition. The substrate dipping speed was maintained al 5 
mm m in '1 with a drying time of 20 min after each lift. Transfer ratio of 0.9 was obtained during 
deposition.
According to the method described elsewhere f 19] silver Island films of SO A mass 
thickness were prepared by slow vacuum evaporation (0.1-0.2 nm/s) of the metal under a 
pressure < 10~s Pa onto warm glass substrates kept at 200°C The thickness was monitored 
with a quartz crystal oscillator (model DTM-101, Hi-tcch Instruments Pvt lad., India). The 
control of the substrate temperature during deposition permitted the growth of a film with a 
highly homogeneous distribution of particle shape. Island diameter as obtained from Scanning 
Electron Micrograph (Hitachi S-415A) was 60-100 A. The plasmon absorption of the Ag film 
was broad and centered at 450 nm.
Raman spectra were recorded by a Spcx (model 1403) double monochromator. A Spectra 
Physics argon ion laser (model 2020-5) was used lor Raman excitation Laser power was always 
maintained below 20 ntW for excitation. The spectral band pass was 2 cm 1. A Spcx Dalamate 
1 B was used for spectrometer control, data acquisition and analysis. Absorption spectra wcic 
iccorded on Shtmadzu 2010 PC UV-V1S spectrophotometer
3. Results and discussion
J.J POMA-LB film preparation :
Pigurc 2 shows the pressure-area isotherm of POMA. Monolayei shows solid condensed 
phase at higher pressure The molecular weight (obtained from gel permeation chromatography i 
of POMA used is 28000 and formula weight of the repetitive unit of the polymer is about 500 
Using these values the pressure-area isotherm shows the area per repetitive unit in the 
condensed phase is about 20 A which is similar to the results obtained by others 118. 20|.
Figure 2 Surface prcssurc-area/repelilivc unit (ll-A  isotherm) ploi lor poly 
(fj-methoxyanilinc) monolayer on water subphasc ni 2 5 C
LB film of POMA is deposited on quartz substrate. Figure 3 shows the UV-Vis absorption 
spectra of 16 layer LB film under different experimental conditions. In a.v-prepared LB film a
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broad band with peak ai 630 nm is observed. To know the extent of protonation of the 
<w-prepared LB film we deprotonated and protonated the film by base (0.1 M NH4OH) and acid 
(1.0 M HCI) treatment respectively. Fully deprotonated LB film shows broad absorption peak at 
about 540 nm. Due to protonation this peak shifts towards lower energy and its intensity 
decreases. After sufficient acid treatment this peak almost disappears and the colour of the film 
becomes green (protonated form). Similar type of bathochromic shift and decrease in intensity 
is observed for electrochemical protonation of polyanilinc [21,22], The results demonstrate 
that the extent of protonation decreases during monolayer formation at neutral water subphase.
Figure 3 UV-Vis absorption spectrum of 16 layered LB him of FOMA undei dillcicm 
experimental condition 1- Alkali treated (0 1M NM4OH) LB film, 2- A.\-prcpared LB him 
5- HCI vapour exposed LB film exposed loi 5 minutes. I hour &. 24 houis rcspcctivcl)
3.2 Normal Raman and surface enhanced Raman spectroscopic .study
NRS and SERS oto-prepared POMA-LB film are recorded in the wavenumber range 1200-1 K00 
cm '1. Though our excitation wavelength range (450-520 nm) is in the trough region ol the 
absorption spectrum (Figure 3 curve 2) the finite absorbance in this region may give pre 
resonance Raman Spectrum. Stretching modes of the repeal unit’ generally appear in this 
range. This range is necessary and sufficient for ‘semi-quantitative’ utilisation ol the spectra 
for POMA characterization. Figure 4 shows the NRS and SERS spectra ol POMA-LB film For 
NRS twenty five monolayers on glass substrate and for SERS single monolayer film arc used 
To know the relative enhancement factor both NRS and SERS are measured under identical 
experimental condition and Raman intensity scale is calibrated in terms ol count/layer/walt/ 
scan. Figure 4 shows broad and overlapped multiple Raman bands. This type ol broad, 
overlapped Raman band is quite common for polyaniline film [ 10]. Indeed in this spectra! range 
organic monolayer often shows fairly intense broad background attributed to the formation ol 
surface carbon on intense laser radiation. [23] We rule out this possibility in our SER spectrum 
as the laser excitation power (20 mW) has been kept low. Using Microcal ORIGIN 4.1. program 
the spectral peak fitting has been obtained. We have used Gaussian distribution lor the Raman 
band. [24] Deconvoluted bands are also shown in Figure 4. Table 1 shows the NRS and SERS 
data with relative enhancement factor and tentative assignments. The vibrational frequencies 
agree with that reported in the literature. [7-9]
T ab le  1. Ram an  and SER spectra  data  for  F O M A  L angm uir -Blodget t  film
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16 0 5 159 5 6 4  x I 0 2 qutnoid  ring st retching
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1 4 9 5 1515 2.9 x U)3 C— N stre tching
1 4 4 6 1449 5.6 x  I 0 2
1395 N = N stretching
1345 1367 3 4 x I 0 2 - C - N T- st re tch ing
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Raman shill (cm1)
F i g u r e  4 A )  R a m a n  s p e c t ru m  o f  25 lay e red  PO M  A LB f i lm  B) SE R  s p e c t r u m  ol a 
m ono laye red  LB film o f  POM A on silver  islands Broad and over lapped  Ram an peaks are 
dcco n v o lu tcd  by spectral peak fit D e c o n v o lv e d  peaks are show n  by dot ted  lines Raman 
in tensity  is calibrated  in terms ol counts /l ayer/wall /scan
In SERS all the bands arc enhanced by 2-3 order of magnitude except 1645, 1548 and 
1395 cm"1 bands. The 1645 cm"1 benzoid ring stretching mode almost disappear in the SERS 
spectrum whereas at a  1600 cm"' (1605 cm"' in NRS and 1595 cm ' in SERS) is enhanced 
significantly. This according to surface selection rule, indicates that the quinoid ring is out of
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Ihe plane and the benzoid ring is in the plane of LB film surface. 125] The peak a t« 1500 cm"1 
(1495 cnT1 in NRS and 1515 cm '1 in SERS) is assigned to the stretching vibration of C=N 
groups and indicates the presence of imine sites.
Another very interesting feature is the observation of a weak but distinct peak at 1395 
cm 1 in the NRS of multilayered LB film. This band is absent in SERS of monolaycred LB film. 
This band is not generally described in the literature, and possibly corresponds to the -  N=N- 
rnodc which is not normally present in the av-polymcriscd film. In multilayered film - N=N- 
coupling may be possible between the two adjacent layers due to laser excitation. |261 This 
peak is absent in the SERS of the monolayer film where such linkage is unlikely.
The peak at = 1350 cm'1 assigned as -C-N+- stretching corresponds to the presence ol 
polaron. 110] This band is absent in the completely deprotonated stale (alkali treated). Intensity 
or this band increases with the increase of protonalion. [27] The absorption spectrum ol us~ 
prepared POM A LB film shows that the film is partly protonated and the appearance of the 
1350 cm '1 band in the LB film is reasonable.
Figure 5 shows the layer effect on SERS intensity. Maximum enHancemcnt is observed 
in the two layered-LB film This indicates that the short ranged surface plasmon resonance is 
dominant. If the short ranged interaction play the dominant role, monolayer should show 
maximum enhancement. Observation of maximum enhancement in two layered film rathci than 
in a monolayercd film indicates that during the fabrication of monolayer some) voids are generated 
which are subsequently filled up by the second layer. Additional layers have insignificant 
effect on SERS. Multiple layers are known to give bulk properties and Normal Raman Spectrum 
is obtained.
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Figure 5. Variation of SER intensity with number of layers of POMA in LB film
Figure 6 shows the Raman excitation profile of 1595 cm-1 mode. With increasing excitation 
energy intensity of the 1595 cm 1 mode increases. This may arise due to resonance of the 
Raman band or due to surface plasmon resonance [ 14]. By close monitoring of the absorption 
spectrum of ar-prepared LB film (Figure 3) the change in absorbance in the range of excitation 
wavelength is negligible. Comparing with the absorption spectrum of Ag-island film where the
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change in absorbance is sharp wc can say lhai the enhancement of 1595 cm '1 mode is surface 
plasmon resonance dominated.
Figure 6 SF.RS excitation profile of 1545 cm 1 Raman hand of POM A in LB film 
4. Conclusion
High molecular weight protonated POMA forms stable monolayer at air-walcr interlace and 
can easily be transferred onto glass/quart/ substrates.
Absorption spectroscopic study shows that av-prepared LB film is partly protonated. 
Dcprotonalion and proionalion of this LB film can easily be done by alkali and acid treatment 
respectively. '
About three orders magnitude enhancement in Raman intensity is observed in SERS 
compared to NRS. Maximum enhancement is observed in two layered LB lilm. This indicates 
that the surface plasmon resonance is dominant lor SERS activity. Raman excitation profile of 
the quinoid ring stretching mode also confirms short range interaction. The presence ol -C-N+- 
strelching inode confirms the protonated slate of POMA in the LB film SERS study indicates 
that in the LB film quinoid ring of POMA is out of the plane and the hen/.oid ring is in the plane 
of the film surface.
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